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The problem. The purpose of this investigation was 
to compare the population density of tardigrades in regions 
as related tOI (a) high and low particulate counts without 
reference to the nature of the particulate present and (b)
high and low traffic flow density without reference to 
particulate counts. . 
Procedure. Bark-lichen samples were collected from 
12 specIes of decidUOUS trees from 12 locations in Polk 
County, Iowa. The regions varied in particulate count, 
measured in tons of dust fall per month, and traffic flow 
density, measured in number of cars per year. Tardigrades 
were collected from samples, mounted in lactophenol, and 
identified. The area of bark-lichen samples was measured 
and the densities calculated in number of tardigrades per 
square centimeter. 
Findings. It appears from this stUdy that tardigrades 
are sensitive to high amounts of dust fall and high amounts 
of automobile exhaust. 
Conclusions. There appears to be a direct relation­
ship between tardigrade popUlation density and particulate 
count and traffic flow density. The higher the particulate 
count the lower the population density of tardigradese The 
higher the traffic flow density the lower the tardigrade 
population density. 
Reeommgndation~. More work needs to be done in this 
area. There are many variables to take into consideration. 
Tardigrades may require certain conditions for growthwhlch 
were not accounted for in this study. More needs to be 
learned about the tardigrade itself before this study 
becomes meaningful. 
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INTRODUCTION 
Tardigrades have been studied extensively in Europe, 
but have been largely neglected in the United States and 
Canada- Out of approximately 340 species described (Pennak, 
1953) only 36 species have been reported from the United 
States (Riggin. 1964) and only about 40 species have been 
reported from Canada (Argue, 1971). Most tardigrade species 
have been described by persons who are not specialists in 
taxonomy and there is much confusion with their classifica­
tion (Riggin, 1962). 
Tardigrades are aquatic or semiaquatic animals. They 
may be found in ponds or marine environments, but the majority 
of species are associated with lichens, liverworts, and 
mosses (Pennak, 1953). 
Tardigrades associated with lichens, liverworts, and 
mosses, unlike most marine and freshwater species, can resort 
to an inactive state called anabiosis. With the dessication 
of the habitat the animals lose water from the body cavity 
and retract their head, legs, and posterior portion. 
Metabolism is slowed down and the organism depends upon 
stored food for survival (Pennak, 1953)· 
Anabiotic tardigrades are resistant to extreme tem­
peratures. Mathews (1938) reported they could tolerate 
temperatures of -200°C. for seven months without harm. 
Pennak (1953) reported that tardigrades SUbjected to -190°C. 
for twenty months survived. Tardigrades do not withstand 
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high temperatures as well, although they have been able to 
survive after being sUbjected to a temperature of 96°C. for 
one-half hour. Atmospheric pressure and brine solutions do 
not seem to affect them (Clothier, 1963). Radiation and high 
frequency sound waves do not seem to influence these tardi­
grades (Mathews, 1938). Gases such as carbon dioxide, 
helium, nitrogen, hydrogen, and hydrogen sUlfide do not kill 
them. Sulfur dioxide gas, a common air pollutant, kills 
them quickly (Clothier, 1963). 
It has been noted that air pollutants have a definite 
affect upon lichens and perhaps arthropod populations (Skye, 
1968). Air pollutants such as sulfur fumes from coal, ozon­
ated hydrocarbons from cooking gas and automobile exhaust, 
and high heat from city atmosphere affect lichen growth. 
Lichens tend to concentrate these toxic elements in their 
thallus (Hale, 1961). Tardigrade species which inhabit 
lichens growing on deciduous trees apparently have a high 
sensitivity to toxic elements. 
This study is an attempt to determine whether differ­
ences can be shown in the population density of tardigrades 
in areas where high particulate counts have been recorded in 
the vicinity of Des Moines, and to compare population 
densities near street intersections with high traffic flow 
with those seen in rural areas. 
-

3 
MATERIALS AND METHODS 
A total of 160 bark and lichen samples were collected 
between June 22 t 1971 and July 30t 1971. They were taken 
from twelve species of deciduous trees between a height of 
one and two meters. Samples were selected so as to obtain a 
single lichen species. This was done to permit more precise 
comparisons and to reduce variability. The tree species and 
lichen species encountered are listed in Tables 1 and 2 
respectively. The samples were obtained from twelve loca­
tions in Polk CountYt Iowa which are listed in Table 3. The 
sites from which the samples were taken were chosen to per­
mit a comparison of tardigrade population density in areas 
with differences in particulate air pollution and in areas 
adjacent to street intersections with relatively high and low 
traffic loads. 
The criteria used for site selection were particulate 
count and traffic flow density. Regions with high or low 
particulate counts were selected with the aid of data obtained 
from the Des Moines Health and Sanitation Department. The 
agency records particulate counts in tons of dust fall per 
month for various regions in Des Moines and neighboring areas. 
Table 3 lists the data recorded. High particulate counts in 
Iowa may be caused by agricultural practices such as plowing. 
The agricultural land containing bare soil along with wind 
may be responsible for dust. Emissions from industrial 
4 
-

Quercus bicolqr Quercus macrocarRa 
~cer batbatwp l2.u: saccharinllm 
Populus geltoi4,. ~ »latano!des 
Ulmus americana Celt!! occidentalis 
Ulmus pumila Gleditsia triacanthos 
Fraxinus pennsYl- Morus ~ 
vanica lanceolata 
~BLE 1. Deciduous tree species from which 
bark-lichen samples were taken 
TABLE 2. Tree-borne lichen species from which
 
tardigrades were extracted
 
Candelaria concolor 
Physcia orbicularis 
Physcia stellaris 
Parmelia rudecta 
Xanthoria candelaria 
-
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TABLE 3. Regions studied in Polk County, Iowa with 
respect to particulate count and traffic 
flow density 
Particulate count Traffic 
(dust fall in tons/ flow density
Site month) (cars/year) 
Polk City 
Riverview Park 
Clive 
Urbandale 
s.w.	 9th & Leland 
(Army Post Road) 
MacRae Park 
S.E. 2)rd & Maury 
Capitol grounds 
E. 14th & Grand 
E. 15th & Grand 
s.w. 9th & Porter 
Ewing Park (S.E. 14th & McKinley) 
E. 1st & Des Moines St. 
10th & Railroad 
2104 
26.0 
22·7 
11.4 
20 - 25 )0,50) 
20 - 25 25,440 
20 - 25 26,374 
17,498 
18,894 
6 
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plants and motor vehicles may also contribute. Therefore, 
in rural areas, a high particulate count may not mean that a 
high concentration of toxic compounds is present. On the 
other hand, emissions from internal combustion engines are 
known to have a high concentration of toxic pollutants, even 
though the particUlate count may be relatively low. Air 
monitoring in the Des Moines area has been mostly oonfined to 
particulate counts. To date, the toxicity of the particulate 
matter has not been determined. To determine the effect of 
toxic air pollutants on tardigrade populations, samples were 
taken in the region of street intersections known to have 
high traffic level and others known to have low traffic 
level. Traffic flow densities for street interseetions, for 
the year 1970, were reported by the Des Moines Sunday 
Register, July 4, 1971. This information along with the data 
obtained from the Des Moines Health and Sanitation Department 
were used to select areas for sampling. See Table ). 
Summarizing then, the selection of sites for sampling 
was designed to permit the comparison of relatively high and 
low particulate counts on the tardigrade population. The 
study was made without reference to the nature of the partic­
ulate present. The sites were also chosen to permit, as an 
independent factor, the comparison of regions adjacent to 
intersections of raatively high traffic flow with those of 
relatively low traffic flow. 
After collection, the bark-lichen samples were treated 
7 
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in a routine fashion. The tardigrades were collected by 
placing each sample in an inverted position into separate 
plastic funnels. Each bark-lichen sample was totally 
immersed in spring water and weighted down with a syracuse 
watchglass for a twenty-four hour period. This procedure 
enabled the tardigrades to be released from the lichen 
substrate in an asphyctic state. Water containing the 
specimens was drained from the funnels and studied with a 
dissecting microscope. Tardigrades were extracted from the 
water using a finely drawn pipette. The specimens were 
immediately mounted on slides containing the preservative, 
lactophenol, which was developed by Bernhardt (194). The 
slides served as an accurate account of the number of 
tardigrades found in each sample. They were also used for 
identification purposes of tardigrade species. The key 
used for identification was developed by G. Thomas Riggin Jr. 
(1962) • 
After the tardigrades were extracted from the spring 
water, the bark-lichen sample was rehydrated for a second 
twenty-four hour period. The second hydration insured 
collection of at least 95% of the tardigrades present in the 
sample (Kimmel, 1968). The water was drained and the 
tardigrades were collected as before. The bark-lichen 
samples were dried and saved. 
To determine the percentage of lichen coverage, 
photographs were taken of each sample before hydration. The 
8
 
photographs were superimposed on a grid of one-hundred 
evenly spaced points and the area of the total sample and 
lichen calculated. A tally of the points touching lichens 
(hits) and points on naked bark (misses) was made. The per­
centage of hits and misses approaches the percentage of 
lichen cover. This percentage was multiplied by the total 
area of the sample to provide an estimate of the area of 
lichen in the sample. The total number of tardigrades was 
stated per square centimeter of sample and lichen area. 
Means. calculated for each set of samples. were based 
on the total number of tardigrades obtained from all samples 
and the total area of the samples, excluding the controls. 
DATA OBTAINED 
Data recorded from the deciduous trees in Polk County 
included the identification of several species of tardi­
grades. With the exception of Milnesium tardigradum and 
Hypsibius oberhaeuseri, the identification of other species 
is only tentative. The keys available vary greatly and there 
is much confusion below the genus level of classification. 
See Table 4. 
Although not all species of tardigrades have the same 
sensitivity to air pollutants. recent work has shown little 
if any difference in sensitivity to sulfur dioxide or carbon 
monoxide (Michael Anderson, unpublished data). Therefore, 
only the total number of tardigrades are reported rather 
9 
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than the number of individual species. 
TABLE 4.	 Tardigrade species identified from 
tree-borne lichens in Polk County 
Milnesium tardigradum Macrobiotus richtersi 
Macrobiotus hUfelapdi Macrobiotus areolatus 
HypsibiuB oberhaeuseri Macrobiotus tonoll!i 
Macrobiotu§ eohinogenitus 
The detailed account of the data obtained is found in 
tables in the Appendix which show the data recorded for each 
tree species in each location. The total sample area and 
lichen area are expressed in square centimeters. The total 
number of tardigrades per sample is given. The tardigrade 
population density is expressed as the number of tardigrades 
per square centimeter of sample area and as the number of 
tardigrades per square centimeter of lichen. The tables are 
first arranged according to particulate count. Subsequently 
tables are included where the dust fall is unknown with the 
traffic flow density. The tables list the regions with higher 
counts first, and then, proceed to the lower values. Table 5 
summarizes the tables found in the Appendix. 
-10 
TABLE,. Summary of mean population densities 
taken from each tree and location 
Total Total DenSi? DenSi? 
sample lichen tarde tarde 
ar~a ar~a Bamp~e lieh~n 
Tree Location (em ) (em ) (em ) (em ) 
Populus 10th & R.R. 4-1·98 27·63 0 0 
deltoides 
eopulus Riverview 34.61 20.76 0.029 0.048 
geltoides 
Quercus Riverview 5·95 1.41 0 0 
bicolor 
GJ.editsia E. 1st & 19·29 10·33 0 0 
triacapthos Des Moines 
Gleditsia S.E. 23rd & 60.48 20.94 0·364 1.051 
triacanthoi Maury 
Praxinu§l Capitol 18.15 5·26 0 0 
Ji2~nnsyl vanica 
IMceolata 
Morus. alba Capitol 14·33 3·73 0.070 0.268 
Acar Capitol 43·98 11.96 0.023 0.085 
§accharinum 
Aoer Ca.pitol 13·63 7·64 0 0 
platwoides 
0 0Glfditsia Capitol 28.88 15·03 tr~acanthQs 
Clive 41.18 25·78 0.486 0·776 ~Rum le. 
0 0Populus Clive 18·73 5·77
 
deltoides (parking lot)
 
22.83 12.20 5·081 9·508Populus Clive 
deltoldes (woods) 
11 
TABLE 5. (continued) 
-

Total Total Density DenSi? 
sample lichen tard./ tarde 
ar2B ar2a samp~e lich2n Tree Location (em ) (em ) (em ) (em ) 
Polk City 77.08 6).72 1.271 1.698~ barbatum 
Quercus Polk City 80.39 60.20 2.227 2·977 
bicolor 
Quercus Urbandale 28.42 21.86 11.048 14.364 
macrocarna (54~h) 
Quercus Urbandale 13·14 8.89 0.076 0.112 
macrocarpa (65th) 
Urbandale 33·06 29·10 4.023 4.570 ~oanaamer 
Urbandale 29.86 18.94 4.153 6·547~ 
sacoharinum 
S.W. 9th & 22·31 11.41 0.762 1.490~ 
s!ccharinum Leland 
Ulmus S.W. 9th & 28.6) 21.00 0.035 0.048 
americana Leland 
Ewing Park 29·19 19·31 6.201 9.425 ~canaamer 
Celtis s.w. 9th & )8.66 19.41 0.413 0.824 
gccidentalia Porter 
0.04) 0.059MacRae Park 2J.04 17.02 ~~~~ 
1.1)6MacRae Park 24.20 19·)7 0.909 ~tIi~~~fio§ 
-12 
DISCUSSION 
Several factors may affect the habitat of tardigrades. 
The species of tree as well as the species of lichen may 
influence the population density of tardigrades. Physical 
factors may also affect the density. Such factors are light. 
heat. moisture. wind. and the height and direction of the 
sample site of the tree (Kimmel, 1968). In a study of this 
kind, such factors as these can not be oontrolled. Some 
randomization of these factors results from repetitive 
sampling, however. 
Control samples which did not cORtain visible lichen 
cover were examined. See Tables 1-25 in the Appendix. In 
general, control samples from trees on which tardigrades were 
found contained some tardigrades. but tardigrades were less 
abundant in the absence of lichens. The surface of a tree is 
a very diversified habitat for an organism as small as a 
tardigrade. Variations occur in lichen and algal substrates, 
bark texture, and availability of moisture because of path­
ways along which rain normally drains off of the trunk. The 
presence of Borne tardigrades on bark not containing lichen 
means that the estimates of tardigrades per cm2 of lichen 
surface are somewhat higher than they should be. The smaller 
population density of tardigrades on bark not containing 
lichens means that the estimates of tardigrades per cm 2 of 
total sample area are low, especially when lichen cover is 
-

1) 
sparse. Both values are quoted in the tables reporting the 
results of this study. See the Appendix. 
It is not yet clear to what extent the species of 
lichen and species of tree enter into the distribution of 
tardigrades, although both are factors (Kimmel, 1968). 
Before attempting to analyze the results with respect to the 
particulate count and the traffic flow density, it will be 
helpful to €onsider the results with respect to the biologi­
cal substrate on which the tardigrades were living. 
To provide a standard against which specific tree or 
lichen substrates can be measured, a mean for all samples was 
calculated. The average population density of tardigrades for 
all samples was 1.588 tardigrades per cm2 of sample area anQ 
2.628 tardigrades per cm2 of lichen surface. 
In order to interpret the significance of the tree 
species, the mean population density for each species was 
calculated and presented without reference to their position. 
See Table 6. Of the twelve species of trees studied only 
two failed to contain any tardigrades. Both of these species, 
~ platanoides and Fraxinus pennsylvanica lanceolata, were 
located on the Capitol grounds where the particulate count 
and the traffic flow density were relatively high. This 
probably accounts for the lack of tardigrades present 
although it is not possible to make a definite conclusion 
since this was the only location from which samples were 
taken. The tree species with the lowest population density 
paz 
14 
~BLE 6. The mean population densities of 
each tree species 
Mean density Mean density 
Tree tard./~amPle tard./~iohen 
species (em ) (cm ) 
All samples 
Quercus macrocarpa 
Ulmus americana 
Acer saccharinum 
Acer barbatum 
Quercus bicolor 
Populus deltoides 
UlmuR. puml1a 
Celtis Qccidentalis 
Gleditsia triacanthos 
Moru;a alba 
Acer J2;}.atangides 
Fraxinu~ pennsylvanlca 
lanceolata 
1.588 
7.579 
3·477 
1.476 
1.271 
1.646 
0·990 
0.486 
0.413 
0·:331 
0.070 
o 
o 
2.628 
10.244 
4.538 
).356 
1.698 
2.289 
1.894 
0.776 
0.824 
0.670 
0.268 
o 
o 
15 
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of those having samples taken from several areas was 
Gleditsia triacanthos. The species showing the highest 
density was Quercus macrocarpa. Ulmus americana, Acer 
saccharinum, and Quercus bicolor had densities above the 
mean for all samples. 
The locality of the tree as well as the tree species 
is important. See Table 7. There are several hypotheses 
which may be stated with regard to t~e tree species and . 
location. (1) that different tree species can vary markedly 
even though their surroundings are rather similar; (2) that 
the same tree species can have quite different tardigrade 
densities if they have different surroundings, (3) and that 
since the same species of tree showed differing population 
densities when in different surroundings, the differences 
noted can not be wholly explained by differences in two 
species. 
PopuluS deltoides illustrates the hypotheses well. 
Depending upon the amount of dust fall, the mean population 
densities vary markedly. It can be seen from Table 7 that 
Populus geltoides had a low mean density at Riverview Park, 
and Tenth and Railroad where the partiCUlate count was 
relatively high. It is interesting to note the difference 
in densities in Clive. One of the trees was located in a 
post office parking lot, while the other was located in a 
wooded area. The tree located in the woods had a high mean 
population density while the one located in the parking lot 
was 
16 
TABLE 7. A comparison of the mean population 
densities in the same tree species 
found in different areas 
Tree 
species Area 
Dust 
fall 
tonsl 
month 
Traffic 
flow 
oars/ 
year 
Densi/,
tarde 
sam~le (em ) 
DenSi?
tarde 
liohen 
(em2 ) 
Populus
deltQides 
Clive(woods) 22·7 
Clive(post office) 22·7 
Riverview 26.0 
5·081 
0 
0.029 
9·508 
0 
0.048 
10th & R. R. 39.0 0 0 
Acer 
saccharinum 
Urbandale 11.4 4.153 6.547 
s.w. 9th & Leland 23,046 0·762 1.490 
Capitol 20-25 25,440­
26,374 
0.022 0.084 
Ulmus 
americana 
Urbandale 
s.w. 9th & Leland 
Ewing Park 
11.4 
23,046 
18,894 
4.023 
0.035 
6.201 
4·570 
0.048 
9·425 
17 
TABLE 7. (con~inued) 
-

Dust Traffie Danaii' Densi? 
fall flow tarde tarde 
Tree tons/ ears/ sam~le lichen 
species Area month year (em ) (cm2 ) 
QuercuS 
macrQcarpa 
Urbandale (54th) 11.4 11.048 11+.364 
Urbandale (65th) 11.4 0.076 0.112 
Quercus 
bicolo:r 
Polk City 21.4 2.227 2.977 
0Riverview 26.0 0 
0.043 0.059MacRae Park 
Gleditsia 
llrlacanthQS 
1.136MacRae Park 0.909 
E. 1st & 20-25 0 0 
Des Moines 
Capitol 20-25 25,440- 0 0 26,J74 
S.E. 2Jrd & 20-25 30,503 0.364 1.051 
Maury 
18 
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had no tardigrades present. A possible explanation could be 
due to the high amount of automobile exhaust inflicted upon 
the tree. 
In examining the mean densities for Acer saccharinum, 
it can be noted that there is a high population density in 
Urbandale which had a low dust fall of 11.4 tons/month. On 
the other hand, the trees at the Capitol grounds had a very 
low population density and the dust fall and traffic flow 
density was relatively high. The tree at s. w. 9th and Leland 
had a considerably higher density than the trees at the 
Capitol grounds. This could be accourtte4 for by the fact 
that the traffic flow density was about 3,000 cars/year less. 
Ulmus americana had a high population density in 
Urbandale where the particulate count was 11.4 tons/month. 
The density was also high at Ewing Park. This may be due to 
the fact that the tree was considerable distance from S. E. 
14th and McKinley where the traffio flow density was 
measured at 18,894 cars/year. The density at S. w. 9th and 
Leland was very low, but the traffic flow density was around 
4,000 cars/year greater. 
Quercus bicolQr showed a high population density in 
Polk City where the particulate count was 21.4. The same 
species in Riverview Park with a particulate count of 26 con­
tained no tardigrades. 
Quercu§ m.acrogarRa illustrates the first hypothesis. 
Even though both sets of samples were taken from Urbandale 
19 
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where particulate count is low, the set of samples from 65th 
Street exhibited an extremely high mean population density 
while the Bet taken from 54th Street was very low. 
In comparing mean densities, it appears that tardi­
grades do not favor 9leditsia triaeanthos at any location, 
with the exception of MacRae Park for which no pollution 
data was gathered. The dust fall for E. 1st and Des Moines 
Street. the Capitol. and S. E. 23rd and Maury was between 20 
and 25 tons of dust per month. The traffic flow for S. E. 
23rd and Maury was about 5,000 cars higher per year than at 
the Capitol. The interaction of dust fall and automobile 
exhaust may account for the lack of tardigrades at the 
Capitol and the low density at S. E. 23rd and Maury. Since 
no accurate particulate count was made for those two regions. 
perhaps the dust fall was higher at the Capitol which may 
explain why no tardigrades were found there. 
The lichen species need to be considered regardless 
of the tree species. The mean popUlation densities of tardi­
grades for each lichen species and the three combinations of 
liChens found. was compared without reference to their posi­
tion. See Table 8. Lichens may possess different character­
istics which may hinder or enhance tardigrade growth. From 
the table it is apparent that the lichens, Parmelia rydecta. 
Xanthoria candelaria. and the combination of Parmelia rudecta 
and Qandelaria concolor had the highest mean densities. 
Earmelia rudecta had by far the highest density which was 
20 
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11.048 tardigrades per sample cm2 • There were nQ tardigrades 
found in the samples 'containing only Physcia orbicularis. but 
tardigrades were present when it was in combination with 
Candelaria cancolor. Perhaps Physata orbiculari§ is a poor 
substrate for tardigrades. With the exception of the tardi­
grade HyPs~biui jybefoulatug. Kimmel found f. Qrbiculari! to 
be a poor substrate for tardigrades. f. stellaris in com­
bination with Q. concolor also shows a low population density. 
TABLE 8. The mean population densities of 
each lichen species 
Mean density Mean density
Lichen tard./~amPIQ tard ./~iehen 
species (em ) (em ) 
All samples
 
Parmelia rudecta
 
Xanthoria Qandelari!
 
Phy@cia ~tellari§
 
PhYBCia orbicularis
 
Parmelia rudegt! &
 
~ndelaria conoolor 
Physcia orbicUlaris & 
Qandelaria conoQlor 
Physcia ~tellaris & 
Candelaria canoolor 
1.588 
11.048 
6.201 
1.009 
o 
1.424 
0.634 
2.628 
14.364 
9.425 
1.088 
o 
6.547 
2.049 
1.212 
-21 
The locality of the lichen as well as the speoies is 
important. In order to interpret a relationship between the 
locality and the lichen species, a comparison was made of 
the mean population densities in each liohen species found 
in areas with high and low particulate counts, and high and 
low traffic flow density. See Table 9. It is also signifi­
cant to note that in regions where the pollution level was 
high, it was difficult to find many lichens. ~. rudecta and 
!. candelaria were not seen in areas with high particulate 
counts and traffic flow densities. This may be due to the 
fact that lichens have a high sensitivity to air pollutants 
(Skye, 1968). Since the sample is too small in this study, 
no real conclusion can be drawn. 
Parmelia rudecta which was found only in Urbandale 
had a very high mean population density. Physcia orbiCUlaris, 
on the other hand, found only in Clive, contained no tardi­
grades even though Clive had a relatively low dust fall of 
22.7 tons/month. A possible reason for this may be the 
automobile exhaust in the post office parking lot. 
XanthQria candelaria, found only in Ewing Park, had a 
very high population density. The traffic flow was low, and 
the lichen was found a considerable distance from the street 
where the traffic flow density was recorded. 
Physcia stellari§ fluctuated, depending upon the 
pollution level. In areas where the particulate count was 
25 tons per month or above, the mean population density 
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TABLE 9. A comparison of the mean population 
densities in the same lichen species 
found in different areas 
Dust Traffic Density Density
fall flow tard.1 tard.1Lichen (tonsl (cars/
species Area month) year) s(:~~) It~~~) 
Parmelia rudecta 
Urbandale 
Physcia Qrbicularis 
11.4 11.048 14.364 
Clive 
Xanthoria candelaria 
22.7 0 0 
Ewing Park 
Physcia .s.tellaris 
---­ H3,894 6.201 9.425 
10th & R. R. 39.0 0 0 
Riverview 26.0 0 0 
E. 1st & 
Des Moines St. 
20-25 0 0 
Capitol 20-25 25,440­
26,374 
0 0 
Capitol 20-25 25,440­
26,374 
0.070 0.268 
Polk City 21.4 1.271 1.698 
Polk City 21.4 2.227 2·977 
s.w. 9th & Leland 23,046 0.762 1.490 
s.w. 9th & Porter 17,498 0.413 0.824 
-2) 
TABLE 9. (continued) 
Dust Traffic 
fall flowLichen (tons/ (cars/species Area month) year) 
~. stellaris & C. concolor 
S.E. 23rd & Maury 20-25 
Capitol 20-25 
30.503 
25,440­
26,374 
0·364 
0.022 
1.051 
0.084 
Capitol 20-25 25,440­
26,374 
0 0 
Capitol 20-25 25,440­
26,374 
0 0 
Clive 22.7 5·081 9·508 
Urbandale 11.4 0.076 0.112 
s.w. 9th & Leland 2),046 0·035 0.048 
MacRae Park 0.04) 0.059 
MacRae Park 0.909 1.136 
P. orbicularis & Q.. concolor 
Riverview 26.0 0.029 0.048 
Clive 22.7 0.486 0·776 
Urbandale 11.4 4.023 4·570 
!:. rudecta & Q.. cancoler 
Urbandale 11.4 4.153 6·547 
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was zero or very minute. Polk City had a relatively low 
dust fall and the population density was highest there. The 
same is not true for the traffic flow density. Although the 
density at the Capitol is lower than it is at S. W. Ninth 
and Leland, it is greater at S. W. Ninth and Leland than it 
is at S. W. Ninth and Porter. s. w. Ninth and Leland had 
almost 6,000 more cars per year than S. W. Ninth and Porter. 
Physcia stellaris and Candelaria QoncolQr do not seem 
to be a suitable substrate for tardigrades in seven out of 
the nine areas in which they were found. Only in Clive 
where the dust fall was 22.7 tons per month did the density 
get way above the mean for all samples. In Urbandale with a 
dust fall of 11.4 tons per month, only a few tardigrades were 
found. 
Physcia orQicularis and Candelaria concolQr illus­
trated the hypothesis. In areas with a high particulate 
count the tardigrade population density is low. In areas 
with a low particulate count the population density is high. 
Parmelia rudecta and Candelaria £oncolor were only 
found in Urbandale which had a dust fall of 11.4 tons per 
month. As before, the mean population density of tardigrades 
was high. 
Since it is not possible to account for the differences 
in population density on the basis of lichen and tree species 
alone, Table 10 and 11 were established. Table 10 compares 
the mean population densities of tardigrades according to the 
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TABLE 10. A comparison of the mean popuJ.attion 
densities according to different 
particulate counts 
Particulate count Mean density 2 Mean density 2tons dust/month tard./sample cm tard./liohen cm 
All samples 1·588 2.628 
Dustfall over 25 0.012 0.020 
Dustfall 20-25 1.018 1.843 
Dllstfall below 20 5.475 5·970 
fABLE 11. A comparison of the mean population 
densities according to different 
traffic flow densities 
Traffic flow density Mean density 2 Mean density 2 
cars/year tard./sample em tard./lichen cm 
Mean of all samples 1·588 2.628 
Traffic over 25,000 0.100 0·395 
Traffic 20,000-25,000 0·353 0·555 
Traffic below 20,000 2·903 5·088 
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different particulate counts. Table 11 compares the mean 
population densities of tardigrades according to the dif­
ferent traffic flow densities. It is apparent from the 
tables that the samples taken from areas with a dust fall of 
less than 20 tons per month had a higher mean density than 
those samples taken from an area with a dust fall greater 
than 20 tons per month. The same is true for the traffic 
flow density. The mean tardigrade population density is 
greater in those samples taken from an area with a traffio 
flow density greater than 20.000 oars per year. In general 
trees and lichens found in regions with high traffic flow 
densities and high particulate counts had lower mean tardi­
grade population densities than those found in regions of 
lower traffic flow and dust fall. 
Although it is hard to reach a definite conclusion. 
it is possible that dust fall and traffic flow interact. 
Gleditsia triacantho@ found at the Capitol grounds and at 
s. E. 2Jrd and Maury is the only instance in the data which 
suggests that dust fall and traffic flow may interact. The 
mean population density of tardigrades at the Capitol grounds 
is zero while the density at S. E. 23rd and Maury is 0.364 
tardigrades per cm2 • The traffic flow at S. E. 2)rd and 
Maury was also higher by about 5.000 cars per year. There 
was no data available from MacRae Park concerning dust fall 
or traffic flow. but one could assume that the traffic flow 
would be considerably less. The mean population densities 
-
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for that location is higher. It is possible that the inter­
action of the high traffic flow along with the high dust 
fall caused the low densities at the Capitol and S. E. 2Jrd 
and Maury. 
Thus it has been shown that there is a direct rela­
tionship between the densities of tardigrade populations and 
areas with high and low pollution levels. JU though the 
species of lichen and the species of tree have some influ­
ence on tardigrade population density, it has been shown that 
particulate matter and automobile exhaust are major controlling 
faotors. In general, from this study, it has been shown that 
the higher the traffic flow density and the higher the parti­
culate count, the lower the tardlgrade population density. 
SUMMARY 
The purpose of this investigation was to compare the 
density of tardigrade populations in high and low regions as 
related tOI (a) particulate counts without reference to the 
nature of the particulate present and (b) areas of high and 
low traffic flow density without reference to particulate 
counts. 
A total of 160 bark-lichen samples were collected 
from twelve species of deciduous trees from twelve locations 
in Polk County. The regions varied in the amount of dust 
fall and automobile exhaust. Tardigrades were collected from 
the samples, mounted in lactophenol, and identified. The 
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areas of the bark-lichen samples were measured and the 
densities calculated in tardigrades per square centimeter. 
From the data obtaIned it appears that tardigrades 
have a higher population density in those regions with a low 
particulate count and a low traffic flow density. Tardi­
grade sensitivity to sulfur dioxide and oarbon monoxide may 
be involved in the low tardigrade population density in 
regions with high particulate count and high traffic flow 
density. Since there are so many faotors involved. however. 
much more research needs to be done. 
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TA.BLE 1. Data obtained from Physcii\ s.:tellarls on 
Populus del tolges at 10th &: R. R.a dust fall 39 tons/month 
Sample Lichen Density DensitySample ar~a ar~a tard./~ample tard·/21chennumber em em Tard. em em 
control 2.98 0.00 0 0 0153 3·)2 1.82 0 
154 6.6) ).24 0 0 0 008.62155 1·35 0 0156 5.67 1·35 0 0 0 0151 3·74 3·53 0 0 0158 5.45 5·04 0 0
control 3.13 0.00 0 0
0 
19 3·40 2.24 0 0 
0 
20 5·15 3·06 0 0 0
0 
mean density 0 0 
TABLE 2. Data obtained from PhYse~a stellaris on 
Quercus bicolor at Riverview Parka dust fall 26 tons/month 
Sample Lichen Density Density
Sample ar~a ar~a tard./~ample tard./~ichen 
nwnber em em Tard. em em 
Control 3.94 0.00 0 0 0 
22 5·95 1.41 0 0 0 
mean density 0 0 
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TA.BLE J. Data obtained from Physci! l:Dblcularis and 
Candelaria concolor on Populu§ deltoides at Riverview Parka 
dust fall 26 tons/month 
Sample 
number 
Sample 
a.r~a 
em 
Lichen 
are! 1 
em 
Lichen 
are~ 2 
em Tard. 
Density
tard.; 
samp2e em 
Density 
tard·1 
lich~n 
em 
control 1-58 0.00 0.00 0 0 0 
16 4·54 3·50 0.?1 0 0 a 
17 9.15 3·95 1·?5 1 0.109 0.1?5 
18 
60 
61 
62 
4.2)4.}J2. 
4.24 
1·52 
1·91 
1·34 
1·33 
0.08 
0.44 
0.00 
0.75 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
63 5·88 2.64 0.B4 0 0 0 
mean density 0.029 0.048 
TABLE 4. Data obtained from PhYlo!a stellari§ on 
Glegitsia triaeanthos at E. 1st & Des Moines St., dust fall 
20-2; tons/month 
Sample Lichen Density Density 
Sample ar2a tard./~ample tard./~iehen ar~a number em em Tard. em em 
0control 2.23 0.00 0 0 
14; 6.73 2·58 0 0 0 
0 0147 2.07 1.63 0 
148 1.72 1.4; 0 0 0 
149 5·24 1.88 0 0 0 
150 1.85 1.4-2 0 0 0 
0 0151 1.68 1·37 0 
0 0mean density 
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TABLE 5. Data obtained from Candelaria concolor and 
Physcia stellari.! on Gleditsia trlacantho§ at S. E. 23rd & 
Maury, dust fall 20-25 tons/month a traffic flow ;0,503 
cars/year 
Sample
number 
Sample 
ar28 
em 
Lichen 
are~ 1 
em 
Lichen 
are~ 2 
em Tard. 
Density
tard./ 
samp~e 
em 
Density
tard./ 
lio~en 
cm 
control 1.92 
83 10.27 
84 11.63 
85 15.~286 7. 8 
87 8.25 
88 7·33 
mean density 
0.00 
2·54 
2',2
5· :3 
5·85 
2.47 
1.88 
0.00 
0.25 
0.00 
0.00 
0.00 
0.00 
0.00 
0 
0 
5 
4 
10 
2 
1 
0 
a 
0.430 
0·:357 
1·336 
0.242 
0.136 
0.364 
0 
a 
1·984 
0.737 
1·709 
0.809 
0·532 
1.051 
TABLE 6. Data obtained from Physcia stellaris on 
Morys alba at the Capitol Grounds, dust fall 20-25 tons/ 
month, traffic flow 25,440-26.374 cars/year 
Sample Lichen Density Density 
Sample ar2a arZa tard./~amPle tard./~iehen number em em Tard. em . em 
control 2·52 0.00 0 0 0 
124 7·58 2.63 0 0 0 
126 1.83 0.48 1 0·546 2.083 
127 4·92 0.62 0 0 0 
mean density 0.070 0.268 
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TABLE 7· Data obtained from Physcia stellaris on 
Fraxinus pennsylvaniea lanceolata at the Capitol; dust fall 
20-25 tons/monthr traffic 25,440-26,374 cars/year 
Sample Lichen Density DensitySa,mple ar~a arZa tard./~ample tard./~ichen
number cm em Tard. em em 
control 2.83 0.00 0 0 0 
120 2·95 1.88 0 0 0 
122 4.41 1.69 0 0 0 
123 10·79 1.69 0 0 0 
mean density 0 0 
TABLE 8. Data obtained from Physeia stellaris and 
Candelaria cQncolor on ~ saccharinum at the Capitol, dust 
fall 20-25 tons/month; traffic 25,440-26,)74 cars/year 
Sample 
number 
Sample 
arZa 
em 
Lichen 
are~ 1 
em 
Lichen 
are~ 2 
em Tard. 
Density 
tard.1 
sam~le 
em 
Density 
tard.1 
licQen 
em 
control 
129 
130 
6.05 
5.63 
3.62 
0.00 
2.23 
1.45 
0.00 
0.00 
0.00 
0 
1 
a 
0 
0.177 
0 
0 
0.448 
0 
1)1 
132 
IJ) 
2.83 
3·62 
11·52 
1.17 
0·95 ).42 
0.00 
0.00 
0.00 
0 
0 
0 
0 
0 
0 
0 
0 
0 
control 10·58 
135 3·33 
1)6 2.25 
137 9.62 
138 1.56 
mean density 
0.00 
0.85 
0.29 
0.83 
0.55 
0.00 
0.00 
0.00 
0.00 
0.22 
a 
a 
0 
0 
0 
0 
0 
0 
0 
0 
0.02) 
0 
a 
0 
0 
0 
0.085 
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TABLE 9· Data obtained from Physcia ltellaris and 
Candelaria cgneQlor on Aeer ~latanoides at the Capitol; dust 
fall 20-25 tons/month; traffic 25.440-26.374 cars/year 
Density DensitySample Lichen Lichen tard.! tard.!Sample arZa are~ 1 are~ 2 samp~e lich~nnumber em em em Tard. em em 
control 4·52 0.00 0.00 0 0 0140 4.10 2.72 0.00 0 0 0
141 1·32 0.25 0.00 0 0 0 
142 2.43 1.93 0.00 0 0 0 143 2. 2 0·78 0.19 0 0 0 
144 3.06 1·77 0.00 0 0 0 
mean density 0 0 
TABLE 10. Data obtained from Physeia stellaris and 
Candelaria concolQr on Gleditsia :trieanthQs at the Capitol; 
dust fall 20-25 tons/month; traffic 25.440-26,374 cars/year 
Density Density 
Sample Lichen Lichen tard·1 tard./ 
Sample ar2a are~ 1 are~ 2 samp~e lichZn number em cm em Tard. em em 
control 2.33 0.00 0.00 1 0.429 0 
90 3.52 0.00 0 0 07.~0491 0.00 0 0 05·937.92 6.2 2.83 0.00 0 0 0 
05.13 1.08 0.00 0 0§4 2·58 1.17 0·50 0 0 0 0 0mean density 
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TABLE 11. Data obtained from Physeia orbicularis on 
Populus deltoides in Clive (parking lot). dust fall 22.7 
tons/month 
Sample Lichen Density DensitySample ar~a ar~a tard./~amPle tard./~iChen
number em em Tard. em em 
control 15.04 0.00 0 0 025 6.25 2.25 0 0 026 12.48 3·52 0 0 0 
mean density 0 0 
TABLE 12. Data obtained from Physeia orbicularis and 
Candelaria concolQr on Ulmus pymila in Clive. dust fall 22.7 
tons/month 
Sample
number 
Sample 
ar~a 
em 
Lichen 
are~ 1 
em 
Lichen 
are~ 2 
em Tard. 
Density
tard.! 
samp~e 
om 
Density 
tard.1 
lieh2n 
em 
control 6.89 0.00 0.00 2 0.290 1.000 
29 
30 
4.78 
8.17 
3.63 
5.56 
0.00 
0.00 
6 
2 
1.255 
0.245 
1.653 
0·359 
31 
)2 
54 
35 
mean 
5.15 
5·42 
7.75 
6.08 
3.83 
density 
).64 
2·33 
3·27 
2.84 
3.75 
0.J3 
0.00 
0.43 
0.00 
0.00 
a 
1 
1 
5 
.5 
0 
0.184 
0.129 
0.822 
1 .J1 0 
0.486 
a 
0.429 
0.306 
1·761 
1·:nO 
0.776 
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TABLE 13. Data obtained from ~andelarla concolor and 
Phvscla §tellari§ on Populus deltoides in Clive (wooded lot); 
dust fall 22.7 tons/month 
Density DensitySample Lichen Lichen tard.; tard.;Sample ar2a are~ 1 are~ 2 samp~e lich2nnumber em em em Tard. cm cm 
control 6.08 0.00 0.00 2 0·329 04.44 0.0037 2·38 11 2.477 4.622 
38 7·33 3·63 0.25 )1 4.230 7.98911.06 5.88 0.0639 74 6.691 12.458 
mean density 5·081 9·508 
TABLE 14. Data obtained from Physcia stellaris on 
~ barbatum at Polk City. dust fall 21.4 tons/month 
Sample Lichen Density Density 
Sample ar~a ar2a tard./~ample tard./~iOhen number em em Tard. cm cm 
control 3.1, 0.00 5 1·587 0 
1 2,.6 22.94 21 0.819 0.915 2 1 .05 9.89 15 1.068 1·516, 5·06 ~.88 20 3·953 5·1)4 
6.75 20 2.961 4.201 6.4875 5·38 4.'467 29 5·371 6 7.35 6.24 2 0.272 0.320 
7 12.85 11.54 1 0.078 0.087 
mean density 1.271 1.698 
40 
..
 
TABLE 15. Data obtained from Physci! !tellar1§ on 
Quercus bicolo[ at Polk City, dust fall 21.4 tons/month 
Sample Lichen Density DensitySample ar~a ar~a tard./~ample tard./~iehennumber em em Tard. em em 
control 2.68 0.00 5 1.862 08 23.75 17.94 3 0.126 0.1679 8·54 2.85 15 1.756 5.264 
10 6.8.5 5·94 52 7·598 8·?5411 6·54 5·39 8 1.223 1.48412 6·35 5·?5 25 J.9J7 4.)47
13 9.46 6.98 5 0·529 0.71614 10.64 7.84 '71 6.673 9.056 
15 8.26 7·51 0 0 0 
mean density 2.227 2.977 
TABLE 16. Data obtained from Parmelia ,rudecta on 
Quercus ma9rocarpa in Urbandale. dust fall 11.4 tons/month 
Sample Lichen Density Density 
Sample ar~a ar~a tard./~ample tard./~ichen 
number em em Tard. em em 
control 5·23 0.00 0 0 0 
40 11.)8 7·13 141 12,)90 19·775 
41 9.83 8.02 81 8.240 10.099 
42 7.21 6·71 92 12.760 13·711 
mean density 11.048 14·364 
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TABLE 17. Data obtained from Physci@ §j:ellar~@ and 
Cande~ari~ conC91qr on Quercus macrocarua in Urbandale 
(65th St.). dust fall 11.4 tons/month 
Density DensitySample Lichen Lichen tard.! tard.!Sample	 ar~a are~ 1 are~ 2 Bamp~e lich~nnumber	 em em em 'I'ard. em em 
control 2·94 0.00 0.00 0 0 044	 5.25 4.65 0.00 0 0 045	 3·38 1.18 0.43 1 0.190 0.21546 4.51 2.63 0.00 0 0 
mean density 0 0.076 0.112 
TABLE 18. Data. obtained from Parmelia rudecta and 
Candelaria gancolor on Acar saccharinum in Urbandale; dust 
fall 11.4 tons/month 
Density Density 
Sample Lichen Lichen tard.! tard./
Sample 1 2ar~a are~ are~	 samp~e lieh~n 
number	 cm em em Taro. em em 
control	 3·25 0.00 0.00 15 4.615 0 
5·69 4.44 0.00 4 0.7°3 0.901~4	 9.17 0.54 2.18 )6 3.926 13·235 
55	 5·85 0.00 4.48 a 0 a 56	 3·58 2.64 0.00 12 3·352 4.545 
57 3.06 2.48 0.00 9 2.941 3.629 
58 2·51 2.18 0.00 63 25·098 28.899 
mean density 4.153 6·547 
pi 
42 
~BLE 19. Data obtained from Physela orbicylaris and 
Candelarii ~Qneolor on Ylmui !mericaD! in UrbandaleJ dust 
fall 11.4 tons/month 
Density DensitySample Lichen Lichen tard.! tard·1Sample ar~a are~ 1 are~ 2 samp~e lieh~nnumber em em em Tard. em em 
control 2·56 0.00 0.00 a 0 a48 22.15 18.89 1.93 64 ).692 4.0)7
49 4.05 2.72 0·32 6 1.481 1.974 
51 2.6) 2.49 0.00 5 1.901 2.00852 3·63 1.92 0.8) 38 10.468 13·618 
mean density 4.023 4·570 
TABLE 20. Data obtained from Candelaria congolor and 
Physc1a. stellaris on Ulmus americana at S. w. 9th & leland, 
traffic flow 23.046 cars/year 
Density Density 
Sample Lichen Lichen tard.! tard.! 
Sample arZs are~ 1 are~ 2 samp~e lieh~n 
number om em om Tard. em em 
control 3.08 0.00 0.00 0 0 0 
64 6.24 4.34 0.00 1 0.160 0.2)0 
65 1.81 0.16 1.24 0 0 0 
66 8.88 7.13 0.00 0 0 0 
67 7.44 5·46 0.2) 0 0 0 0 068 1.94 0.21 1.15 0 0 069 2·32 0.00 1.08 0 
0.035 0.048mean density 
TABLE 21. Data obtained from Physc!a stellaris on 
AceA ~acQharinum at S. W. 9th &Leland; traffic flow 23,046 
cars/year 
Sample Lichen Denaity Density 
Sample ar2a ar~a tard./~ample tard·/2ichen em em Tard. em emnumber 
.. 
0.00 1 0.129 0control 7·75 
102 2·59 2.34 0 0 0 
8.13 1·35 9 1.110 6.667lOa10 3·95 1.08 0 0 0 
2·59 2 0.649 0.772105 ,.09 4.05 6 1.310 1.481106 ·55 
mean density 0.762 1.490 
TABLE 22. Data obtained from Xanthoria candelaria on 
Ulmus americana at Ewing Park (S. E. 14th & McKinley); 
traffic flow 18,894 cars/year 
Lichen Density DensitySample tard./~ichentard./~ampleSample aria ar~a cmTard. emnumber em em 
022 3·880control 5·67 0.00 2.)422 1.090108 1.8) 0.85 6 4.000 6.857109 1·50 0.88 0.665 0.939110 2·58 2.13 2 27.76113. )81111 6.95 3·35 93 6.4J641 5. 2 35112 7.85 6·37 6.4574.36237113 8.48 5·73 9.4256.201mean density 
TABLE 23· Data obtained from Phlscia Btellaris on 
Celtis ocgidentali§ at S. w. 9th & Porters traffic flow 
17.498 cars/year 
sample 
number 
Sample 
ar~a 
em 
Lichen 
ar~a 
em Tard. 
Density 
tard./~ample 
em 
Density 
tard./~ichen 
em 
control 6.06 
96 13·58 
97 8.75 
98 9.79 
99 6.54 
mean density 
0.00 
10.43 
2.91 
4.38 
1.69 
3 
7 
1 
1 
7 
0.495 
0·515 
0.114 
0.102 
1.070 
0.413 
0 
0.661 
0.)44 
0.228 
4.142 
0.824 
TABLE 24. Data obtained from Physcia stellaris and 
Candelaria concolor on Quercus biealor at MacRae Park; no 
data available 
Density Density 
Sample Lichen Lichen tard./ tard./ 
Sample ar2a are~ 1 are~ 2 samp~e lich2n number em em em Tard. em em 
control 2.28 0.00 0.00 0 0 0 
71 ,.95 3. 22 0.08 0 0 0072 .62 2.45 0.00 0 0 06.43 4.6) 0.65 0 0~4 4.90 2·77 0.88 1 0.204 0.862 0 075 3.14 2·34 0.00 0 0.043 0.059mean density 
45 
TABLE 25. Data obtained from Physcia sj;ellaris and 
~andelaria ~oncolor on Gledltsia j;riacanthos at MacRae Park; 
no data available 
Density Density 
Sample Lichen Lichen tard·1 tard.1 
Sample ar2a are~ 1 are~ 2 samp~e lieh~n em cm om Tard. em emnumber 
2.81 0.00 0.00 0 0 0Control 
2.58 1·53 0.00 0 0 078 4.69 4·51 0.00 8 1·705 1.77479 4 .. 80 ).42 0.00 2 0.416 0.58580 0 081 3·38 1.45 0.88 0 
82 8.75 7·58 0.00 12 1·370 1·583 0·909 1.136mean density 
